Induction of the inflammasome protein cryopyrin (NLRP3) in visceral adipose tissue (VAT) promotes release of the pro-inflammatory cytokine interleukin-1b (IL1b) in obesity. While this mechanism contributes to peripheral metabolic dysfunction, effects on the brain remain unexplored. These studies investigated whether visceral adipose NLRP3 impairs cognition by activating microglial interleukin-1 receptor 1 (IL1R1). After observing protection against obesity-induced neuroinflammation and cognitive impairment in NLRP3KO mice, we transplanted VAT from obese WT or NLRP3KO donors into lean recipients. Transplantation of VAT from a WT donor (TRANS WT ) increased hippocampal IL1b and impaired cognition, but VAT transplants from comparably obese NLRP3KO donors (TRANS KO ) had no effect.
against high-fat diet-induced adipose tissue inflammation and insulin resistance (18) (19) . The 1 Nlrp3 null mutation also protects against cognitive deficits in aged mice and in mouse models of 2 Alzheimer's disease (20-21), but the consequences of tissue-specific NLRP3 induction for 3 neuroplasticity and neuroinflammation have yet to be elucidated. 4 We hypothesized that NLRP3 induction in visceral adipose tissue initiates microglial 5 activation and cognitive impairment by increasing IL1β. Peripheral IL1β enters the CNS via 6 saturable transporters at the blood-brain barrier (BBB; 22) , and we reasoned that microglial 7 interleukin-1 receptor 1 (Il1r1) activation would initiate an autocrine amplification loop similar to 8 that previously reported in other disease models (23). This hypothesis was tested in a series of 9 dietary obesity and visceral adipose tissue (VAT) transplantation experiments using Nlrp3-/-10 mutant mice and transgenic mice with inducible deletion of Il1r1 in CX3CR1-expressing cells. 11 Collectively, these data suggest that CNS immune cells detect and amplify peripheral IL1β 12 generated following visceral adipose inflammasome activation, and that increases in CNS IL1β 13 downstream of this cascade impair hippocampal synaptic plasticity and cognition in obesity. Our 14 findings add to the growing literature on dynamic interactions between the brain and peripheral 15 tissues, and provide further support for reinterpretation of immune privilege in the CNS. 16 17
Results

18
Resistance to obesity-induced neuroinflammation and cognitive dysfunction in NLRP3KO mice 19 Obesity promotes formation of inflammasome complexes in multiple tissues, including the 20 brain (24), but the link between NLRP3 and obesity-induced cognitive impairment remains 21 correlative at present. To determine whether the inflammasome protein NLRP3 is required for 22 obesity-induced microglial activation and cognitive dysfunction, we maintained Nlrp3-/-mice 23 (KO) and Wt littermates on high-fat or low-fat diet (HFD, LFD). Consistent with previous reports 1 (18-19), Wt and NLRP3KO mice gained comparable amounts of weight during the 12wk period 2 ( Figure 1A) . The weight of the visceral, subcutaneous, and interscapular fat pads was also 3 unaffected by genotype ( Figure 1B) . However, NLRP3KO mice were protected against increases 4 in IL1β in VAT with HFD consumption ( Figure 1C ; F1,12=16.83, p=0.002). Wt/HFD mice exhibited 5 significant increases in circulating IL1β (F1,12=8.05, p=0.02), but NLRP3KO/HFD mice did not 6 differ from Wt/LFD ( Figure 1C ). Protection against IL1β accumulation was also observed in 7 hippocampal lysates from NLRP3KO/HFD mice ( Figure 1C ; F1,12=6.8, p=0.02), suggesting that 8 resistance to obesity-induced peripheral inflammation in NLRP3KO mice extends to the CNS. 9 Microglia continuously sense and respond to molecular patterns in the local environment. 10 Because microglial process retraction is a well-characterized response to inflammation, we 11 visualized IBA1+ cells in the hippocampal dentate gyrus and analyzed their morphology. 12 Microglia from Wt/HFD mice exhibited significant reductions in process length and complexity, 13 indicated by lower numbers of intersections at 1-micron intervals around the soma ( Figure 1D , 14 F1,14=6.61, p=0.02). Process length and complexity were unaffected in NLRP3KO/HFD mice, 15 which did not differ from Wt/LFD ( Figure 1D ). There were no differences between Wt/LFD and 16 NLRP3KO/LFD mice, indicating that NLRP3KO mice are resistant to HFD-induced microglial 17 process retraction. Parallel visualization of the lysosomal marker CD68 revealed significant 18 accumulation in IBA1+ microglia Wt/HFD mice, but not NLRP3KO/HFD mice ( Figure 1D ). 19 Microglial CD68 accumulation was evident both qualitatively, and quantitatively, as determined 20 by analysis of CD68+ puncta within regions of interest delineated by IBA1 labeling 21 (Supplemental Figure 1A-B ; F1,14=13.47, p<0.001). Microglial CD68 accumulation occurs 22 following phagocytosis, which could reflect protective or pathological responses (25). To 23 6 interpret changes in CD68 immunoreactivity, we performed immunofluorescence labeling for 1 IBA1 and the classical activation marker MHCII. Consistent with previous studies (26), 2 IBA1/MHCII double-positive cells were more frequent in Wt/HFD mice, relative to Wt/LFD 3 (Supplemental Figure 1C -D; F1,14=17.84, p<0.001). Colabeling for IBA1 and MHCII was rare in 4 NLRP3KO/HFD mice, which did not differ from Wt/LFD (Supplemental Figure 1C-D) . 5 To examine the role of NLRP3 in obesity-induced cognitive dysfunction, Wt and 6 NLRP3KO mice were tested in the water maze after 12wk HFD or LFD. Wt/HFD mice had longer 7 swim paths during acquisition training and exhibited deficits during the probe test, relative to 8 Wt/LFD mice ( Figure 1E ; for acquisition, F1,36=7.03, p=0.01; for probe, F1,60=4.11, p=0.04). By 9 contrast, NLRP3KO/HFD mice did not differ from Wt/LFD mice ( Figure 1E ). There was no effect 10 of genotype in LFD mice, and all groups of mice performed similarly when swimming towards a 11 visible platform (distance [m], mean±sem: Wt/LFD=5.8±1.1; Wt/HFD=5.9±0.7; KO/LFD=5.4±0.8; 12 KO/HFD=5.3±1.0). After observing NLRP3-dependent deficits in learning and memory, we 13 investigated changes in hippocampal synaptic plasticity using extracellular recordings in brain 14 slices. Stimulation of medial perforant path afferents to the dentate gyrus revealed significant 15 reductions in long-term potentiation (LTP) in Wt/HFD mice ( Figure 1F ; F1,39=6.88, p=0.01). 16 Deficits in LTP were mediated by NLRP3, as slices from NLRP3KO/HFD mice exhibited LTP 17 that was comparable to Wt/LFD ( Figure 1F ), indicating that whole-body ablation of NLRP3 18 protects against obesity-induced microglial activation and maintains hippocampal plasticity in 19 dietary obesity. 
Visceral adipose NLRP3 increases hippocampal interleukin-1β
To determine whether NLRP3 induction in visceral fat regulates hippocampal IL1β, we 1 transplanted VAT from Wt/HFD or NLRP3KO/HFD donors into lean Wt recipients (Figure 2A ). 2 Mice that received transplants from a Wt donor (TRANSWT) or an NLRP3KO donor (TRANSKO) 3 were compared with sham-operated Wt mice maintained on LFD (LFD/SHAM) or HFD 4 (HFD/SHAM). Visceral fat transplantation had no effect on body weight or glycemic control in 5 recipients 2wk after surgery (Figure 2A-B) , and there were no differences in transplant viability 6 between Wt and NLRP3KO donors (Supplemental Figure 2A ; n rejections: TRANSWT, n=1; 7 TRANSKO, n=2). There was also no evidence of compensatory atrophy in resident fat pads from 8 transplant recipients (Supplemental Figure 2B ). Cleavage and release of IL1β is a prominent 9 consequence of visceral adipose NLRP3 induction (18). Quantification of IL1β in hippocampus, 10 VAT, and serum revealed parallel increases in TRANSWT and HFD/SHAM mice ( Figure 2C ).
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Increases in hippocampal IL1β were dependent on NLRP3, as TRANSKO mice had lower levels 12 of IL1β than TRANSWT and did not differ from LFD/SHAM ( Figure 2C ; F3,20=6.42, p=0.003). In 13 the transplanted VAT, IL1β concentrations were significantly higher in transplants from 14 TRANSWT, relative to TRANSKO mice ( Figure 2C ; t10=7.34, p<0.001). Dietary obesity increased 15 IL1β concentrations in resident VAT, but these increases were not recapitulated by VAT 16 transplantation ( Figure 2C ). qPCR analysis of Il1b mRNA in resident and transplanted VAT 17 revealed similar trends, with increased expression in resident VAT from HFD/SHAM and in 18 transplanted VAT from TRANSWT mice (Supplemental Figure 2C ). Hippocampal Il1b induction 19 was only observed following VAT transplantation, as mice that received subcutaneous adipose 20 tissue (SAT) transplants from a Wt/HFD donor did not exhibit changes in Il1b mRNA 21 (Supplemental Figure 2D ). Il1b gene expression in SAT transplants did not differ from resident 22 SAT in sham-operated mice (Supplemental Figure 2E) , consistent with the relative 23 immunoquiescence reported in SAT, compared to VAT (16). Collectively, these data suggest 1 that visceral adipose NLRP3 induction is required for increases in hippocampal IL1β after VAT (Figure 2A ). Two weeks after surgery, transplant recipients and sham-operated controls 8 were tested in the water maze, Y-maze, and novel object recognition tasks. In the water maze, 9 HFD/SHAM and TRANSWT mice had longer path lengths during acquisition training and spent 10 less time in the target quadrant during the probe trial ( Figure 2D ; F3,38=4.68, p=0.002). The 11 effects of VAT transplantation were NLRP3-dependent, as TRANSKO mice had shorter path 12 lengths than TRANSWT mice and did not differ from LFD/SHAM ( Figure 2D ). Changes in 13 performance were not attributable to deficits in visuomotor navigation, as there were no 14 differences when swimming toward a visible platform (distance [m], mean±sem: 15 LFD/SHAM=7.29±0.74; HFD/SHAM=6.97±0.98; LFD/TRANSWT=6.85±0.45; LFD/TRANSKO= 16 6.47±0.99). Similar patterns were observed in the Y-maze, where HFD/SHAM and TRANSWT 17 mice alternated less frequently than LFD/SHAM ( Figure 2E ; F3,38=6.59, p=0.001). Alternation 18 deficits were not observed in TRANSKO mice, which did not differ from LFD/SHAM ( Figure 2E ). 19 In the object recognition test, HFD/SHAM and TRANSWT mice exhibited comparable reductions 20 in novel object preference 30min after training with two identical objects ( Figure 2F ; F3,44=6.46, 21 p=0.01). Although within-subject reductions in novel object recognition over time were evident 22 in all groups, TRANSKO mice spent more time exploring the novel object than TRANSWT mice, 23 and did not differ from LFD/SHAM ( Figure 2F ). Given that there were no differences in total 1 object exploration (time with both objects [sec], mean±sem: LFD/SHAM=90.88±3.97; 2 HFD/SHAM=81.50±4.71; LFD/TRANSWT=90.28±3.94; LFD/TRANSKO=85.03±4.99), the 3 collective outcome of these experiments is consistent with a requirement for NLRP3 in VAT 4 transplantation-induced memory deficits. 5 After behavioral testing, mice were euthanized for slice preparation and extracellular 6 recording of dentate gyrus LTP. Slice preparations from HFD/SHAM and TRANSWT mice 7 exhibited smaller increases in the field excitatory postsynaptic potential (fEPSP) one hour after 8 tetanic stimulation ( Figure 2G ; F3,41=6.41, p=0.001). By contrast, LTP in TRANSKO slices was 9 significantly greater than TRANSWT, and did not differ from LFD/SHAM ( Figure 2G ). There were 10 no effects of diet or VAT transplantation on presynaptic paired-pulse plasticity or on the 11 input/output ratio across a range of stimulation intensities (data not shown). To examine the role 12 of hippocampal IL1 in LTP deficits, additional recordings were conducted in the presence of 13 recombinant interleukin 1 receptor antagonist (IL1RA; 100µg/mL). Preincubation with IL1RA 14 eliminated LTP deficits in HFD/SHAM and TRANSWT mice without influencing LTP in LFD/SHAM 15 and TRANSKO mice ( Figure 2H ). Taken together, these results indicate that NLRP3 induction in 16 VAT impairs cognition and suppresses LTP in an IL1-dependent manner.
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Visceral adipose NLRP3 increases penetration of peripheral IL1β across the BBB 19 Coincident elevation of IL1β in VAT, serum, and hippocampus could reflect changes in 20 blood-brain barrier (BBB) permeability, increased transport of peripheral IL1β into the CNS, or a 21 signaling mechanism transduced by cerebrovascular cell populations. To determine whether 22 dietary obesity and VAT transplantation regulate CNS exposure to peripheral IL1β, mice were 23 injected with 6xHistidine-tagged IL1β (6xHis-IL1β; 10 micrograms, IV) and the fluorescent tracer 1 sodium fluorescein (NaFl, 10mg/kg IP; Supplemental Figure 3A ). Hippocampal lysates from 2 HFD/SHAM and TRANSWT mice exhibited greater penetration of 6xHis-IL1β, relative to 3 LFD/SHAM (Supplemental Figure 3B ; F3,12=9.96, p=0.005). Increases in 6xHis-IL1β were 4 NLRP3-dependent, as lysates from TRANSKO mice did not differ from LFD/SHAM (Supplemental 5 Figure 3B ). Changes in CNS penetration of exogenous IL1β were region-specific, as no group 6 differences were observed in cortical, hypothalamic, or cerebellar lysates (Supplemental Figure   7 3C-E). These patterns are consistent with increased hippocampal exposure to peripheral IL1β, 8 but could arise due to BBB breakdown or changes in transport. Obesity increases BBB 9 permeability (27-28), and quantification of NaFl in hippocampal lysates from HFD/SHAM mice 10 replicated this observation (Supplemental Figure 3F ; F3,12=10.94, p<0.001). However, increases 11 in BBB permeability were not recapitulated by VAT transplantation (Supplemental Figure 3F Figure 3F ; F3,48=2.98, p=0.006), indicative of sensitization. Visceral 19 adipose NLRP3 was required for sensitization, as cells from TRANSKO mice did not differ from 20 LFD/SHAM ( Figure 3F ). Sensitization of responses to IL1β were not explained by differences in 21 viability, as there were no differences in cell survival after stimulation ( Figure 3F ). Priming of 22 IL1β-stimulated gene expression was also evident based on lower thresholds for induction of 23 IL1b mRNA in FMCs from HFD/SHAM and TRANSWT mice ( Figure 3G ; F3,48=9.18, p<0.001). By 1 contrast, cells from TRANSKO mice exhibited IL1β-stimulated gene expression profiles that were 2 comparable to LFD/SHAM ( Figure 3G ). When interpreted with the flow cytometry dataset ( Figure   3 3B), these outcomes suggest that the mixed population of microglia and infiltrating macrophages 4 in FMCs from HFD/SHAM mice and the relatively homogeneous population of microglia in FMCs 5 from TRANSWT mice exhibit comparable sensitization and priming in response to IL1β. 6 Moreover, the lack of sensitization and priming in primary microglia from TRANSKO mice is 7 consistent with a requirement for NLRP3 in these effects. Figure 4B , F3,16=9.04, p<0.001). Microglial process retraction was mediated by visceral 23 adipose NLRP3, as TRANSKO mice exhibited process lengths and Sholl profiles that did not differ 1 from LFD/SHAM ( Figure 4B ). The effects of obesity and VAT transplantation were not limited to 2 morphology, as visualization of the activation marker MHCII in IBA1+ cells revealed similar 3 increases in colocalization in TRANSWT and HFD/SHAM mice ( Figure 4C ; F3,16=12.84, p=0.002). 4 By contrast, TRANSKO mice had significantly fewer IBA1/MHCII positive cells than TRANSWT, 5 and did not differ from LFD/SHAM, consistent with NLRP3-mediated microglial activation in vivo 6 with obesity and VAT transplantation. Figure 5A ). Tg and nTg mice gained similar amounts of weight 9 and did not exhibit differences in glycemic control ( Figure 5A-B ). Obesogenic diet consumption 10 increased the weight of the visceral and subcutaneous fat pads, but these effects were 11 comparable in Tg and nTg mice ( Figure 5C ). Quantification of IL1β concentrations in 12 hippocampus, VAT, and serum revealed brain-specific resistance to IL1β accumulation in 13 Tg/HFD mice ( Figure 5D ). nTg/HFD mice exhibited increases in hippocampal IL1β (F1,12=20.83, 14 p<0.001), but hippocampal IL1β concentrations in Tg/HFD mice were comparable to nTg/LFD 15 ( Figure 5D ). There was no effect of genotype on hippocampal IL1β in LFD mice, and HFD mice 16 from both genotypes exhibited comparable increases in VAT and serum IL1β ( Figure 5D ; for 17 serum, F1,12=27.53, p<0.001; for VAT, F1,12=23.66, p<0.001). 18 Increases in IL1β promote transmigration of peripheral monocytes into the CNS in other 19 disease models (37), and after observing IL1R1-mediated increases in hippocampal IL1β, we 20 examined whether Tg/HFD mice might be protected against obesity-induced macrophage 21 infiltration ( Figure 5E ). Analysis of cell-surface IL1R1 expression in the 22 SSClow/FSCmid/CD11b+/CD45+ population from FMCs and lysed whole blood upheld the 23 brain-specific recombination observed during characterization of the mouse line (Supplemental 1 Figure 5 ). Both Tg/LFD and Tg/HFD mice exhibited comparable reductions in IL1R1 expression, 2 relative to nTg mice ( Figure 5F ). Flow cytometric immunophenotyping of FMCs revealed 3 accumulation of CD45hi/Ly6Chi cells in nTg/HFD mice (F1,26=5.78, p=0.02). Increases were not 4 observed in FMCs from Tg/HFD mice ( Figure 5G ), suggestive of a requirement for IL1R1 in 5 obesity-induced macrophage infiltration. 6 The CD11b+/CD45hi/Ly6Chi population predominantly contains infiltrating macrophages 7 (38-39), but the parent population of CD11b+/CD45hi cells is heterogeneous in its ontogeny and To determine whether differential regulation of IL1β might reflect differences in activation, 22 we quantified cell-surface MHCII and TLR4 in CD11b+/CD45low/Ly6Clow microglia and in the 23 CD11b+/CD45hi/Ly6Clow population, which includes BAMs (38-40). In microglia, IL1R1 was 1 required for obesity-induced inflammatory polarization (Figure 5I; for MHCII, F1,14=17.83,   2 p=0.008; for TLR4, F1,14=15.18, p<0.001). Among CD45hi/Ly6Clow cells, IL1R1 deletion 3 reduced MHCII and TLR4 expression in a diet-independent manner (Supplemental Figure 6A Figure 6A -B). While these data do not capture the potential for dynamic 7 interactions between the two cell populations over time, the outcome is suggestive of distinct 8 responses to dietary obesity and IL1R1 deletion in microglia and brain macrophages. 9 We next visualized IBA1+ cells in the hippocampal dentate gyrus to examine the role of 
Activation of IL1R1 on CX3CR1-expressing cells underlies hippocampal dysfunction in obesity 20
After observing that IL1R1 was required for microglial IL1β activation, we examined the 21 consequences of this cascade for hippocampal function. Transgenic mice and nTg littermates 22 were maintained on HFD or LFD as shown ( Figure 5A ), with behavioral testing during weeks 10-23 12. In the water maze, Tg/HFD mice were resistant to obesity-induced learning deficits, based 1 on shorter path lengths relative to nTg/HFD mice, and intact performance during the probe trial In the Y-maze, IL1R1 expression was required for deficits in spatial recognition, based on 12 reductions in alternation behavior in nTg/HFD, but not Tg/HFD mice ( Figure 6C ; F1,25=5.44, 13 p=0.005). In all paradigms, Tg/LFD mice did not differ from nTg/LFD controls, suggesting that 14 microglial IL1R1 may be dispensable for hippocampus-dependent memory under basal 15 conditions. 16 To examine the consequences of IL1R1-mediated neuroinflammation for hippocampal 17 synaptic plasticity, we performed extracellular field potential recordings in hippocampal slices 18 from Tg mice and nTg littermates after HFD or LFD. Induction of LTP revealed a pivotal role for 19 IL1R1 in obesity-induced plasticity deficits ( Figure 6D ). nTg/HFD mice exhibited significant 20 reductions in LTP magnitude, but Tg mice on HFD exhibited LTP that was comparable to 21 nTg/LFD mice (F1,44=8.86, p=0.008). Changes in LTP were not explained by alterations in the input/output relationship ( Figure 6E ), or by changes in presynaptic paired-pulse depression 1 ( Figure 6F ), suggestive of postsynaptic deficits following microglial IL1R1 activation. 2 While there is consensus that immune activation-induced elevations in IL1β impair LTP 3 (41), the cellular targets for these effects remain poorly understood. To test the hypothesis that 4 microglial IL1R1 activation underlies IL1β-mediated suppression of LTP, slices from nTg/LFD 5 and Tg/LFD mice were pre-incubated with exogenous IL1β (1.0ng/mL) for 20min, with continued 6 superperfusion of IL1β throughout recording ( Figure 6G ). Analysis of dendritic field potentials 7 1hr after tetanic stimulation revealed significant impairment of LTP in nTg/LFD slices (t14=5.77, 8 p<0.001). LTP deficits were not observed in slices from Tg/LFD mice, implicating microglial 9 IL1R1 activation as a mechanism for IL1β-mediated LTP impairment. In support of this 10 interpretation, co-application of the microglial inhibitor minocycline (20µM) and IL1β blocked LTP 11 deficits in slices from nTg/LFD mice without influencing LTP in Tg/LFD slices ( Figure 6G ). Taken 12 together, these results are consistent with an obligatory role for IL1R1 signaling among 13 CX3CR1-expressing cells in IL1β-mediated synaptic dysfunction.
15
Direct evidence for autocrine amplification of IL1β after VAT transplantation 16 To investigate the role of IL1R1 in neuroinflammation after VAT transplantation, Tg mice 17 and nTg littermates received tamoxifen one month before sham operation or VAT transplantation 18 surgery ( Figure 7A ). Two weeks after surgery, mice were fasted for IPGTT before being 19 euthanized for isolation of FMCs or immunohistological analysis of IBA1+ microglia. There was 20 no effect of genotype on weight gain after surgery ( Figure 7A ), and there were no changes in 21 glycemic control in Tg mice ( Figure 7B ). Analysis of IL1β concentrations in hippocampus, serum, 22 and VAT revealed brain-specific protection in Tg mice that received VAT transplants 23 (Tg/TRANS). Hippocampal IL1β concentrations were elevated in nTg/TRANS mice, but 1 Tg/TRANS mice were indistinguishable from sham-operated mice ( Figure 7C ; F1,20=6.38, 2 p=0.02). Transplant recipients had increased serum IL1β, relative to sham-operated mice, but 3 increases in circulating IL1β were unaffected by genotype ( Figure 7C ). Concentrations of IL1β Figure 7E ; F1,16=8.85, p=0.008). 13 Collectively, these results indicate that IL1R1 expression among CX3CR1-expressing cells is 14 required for neuroinflammation following surgical increases in visceral fat. 15 After observing an obligatory role for IL1R1 in hippocampal IL1β accumulation, we 16 investigated the potential requirement for IL1R1 in autocrine amplification of IL1β ex vivo. 17 Analysis of gene expression in FMCs after stimulation with increasing concentrations of IL1β 18 revealed IL1R1-mediated priming in transplant recipients ( Figure 7F ). Cells from nTg/TRANS 19 mice had lower thresholds for induction of IL1b mRNA, but cells from Tg/TRANS mice were 20 comparable to nTg/SHAM ( Figure 7F ; F1,20=48.28, p<0.01). Priming of gene expression was 21 accompanied by IL1R1-mediated sensitization, based on increases in media TNFa in cells from 22 nTg/TRANS, but not Tg/TRANS mice ( Figure 7G ; F1,20=19.63, p=0.002). Changes in sensitization and priming were not attributable to differential cell survival, as there were no group 1 differences based on formazan cleavage assay ( Figure 7G ). The effect of genotype was only 2 evident in transplant recipients, as cells from Tg/SHAM mice did not differ from nTg/SHAM 3 ( Figure 7F-G) . Taken together, these patterns are consistent with IL1R1-mediated autocrine 4 amplification of IL1b expression following VAT transplantation. apposition at mushroom spines were IL1R1-dependent, as Tg/TRANS mice had similar 22 proportions of mushroom spines with perisynaptic microglial processes, relative to nTg/SHAM 23 ( Figure 8B ). IL1R1-mediated perturbation of microglia-synapse relationships was only evident 1 after VAT transplantation, as Tg/SHAM mice did not differ from nTg/SHAM in terms of spine 2 density or microglial localization ( Figure 8A-B) . Collectively, these results are consistent with a 3 multifaceted role for IL1R1 in regulating microglia/synapse interactions following surgical 4 increases in visceral fat. 5 To examine the functional consequences of IL1R1-mediated changes in 6 microglia/synapse relationships, we performed extracellular recordings in brain slices. Dentate 7 gyrus LTP was significantly reduced in slices from nTg/TRANS, but not in Tg/TRANS mice 8 ( Figure 8C ; F1,40=10.56, p=0.003). Presynaptic paired-pulse plasticity was unaffected at 9 interpulse intervals ranging from 50msec to 1sec ( Figure 8D ), and comparison of the input/output 10 curve over a range of stimulus intensities revealed no effect of genotype or surgery ( Figure 8E ).
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Analysis of hippocampus-dependent memory in the water maze revealed that IL1R1 was 12 required for memory deficits after VAT transplantation ( Figure 8F ). Tg/TRANS mice had shorter 13 swim paths than nTg/TRANS mice during acquisition training and performed on par with 14 nTg/SHAM during the probe trial ( Figure 8F ; for acquisition, F3,56=9.09, p=0.003; for probe, 15 F1,56=5.55, p=0.03). There were no differences between nTg/SHAM and Tg/SHAM during 16 acquisition training, and there was no effect of genotype or VAT transplantation on navigation IL1R1 activation in synaptic physiology, whole-body IL1R1 knockout mice exhibit deficits in 22 hippocampus-dependent memory and LTP (61). The dose-dependent effects of IL1β on 23 hippocampal synaptic plasticity have been interpreted as reflecting direct actions on neurons, 1 but this assumption has yet to be adequately tested with modern cell type-specific approaches. 2 In this report, we observed that ablation of IL1R1 among CX3CR1-expressing cells protects formidable challenge with the potential to uncover novel strategies for prevention and treatment 22 of neurological disease. 23 In humans, there is consensus that insulin resistance is accompanied by increased risk 1 of cognitive decline (65). By contrast, data from studies of BMI and cognition are often conflicting, 2 with reports of increased risk (1-5), decreased risk (9), or negative findings (10-11, 66). The 
